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offer the possibility to design matrices with finely tuned structural environment which in turn 38 can direct the fate of the species they carry 2 . These unique properties have initially been used 39 to develop cargos for drug delivery systems 3, 4 . For example, cell-seeded hydrogel scaffolds 40 with various internal cues are now the prime techniques used for the regeneration of a large 41 variety of tissues (skin 5, 6 , cartilage 7, 8 , bones 9 …)
42
Researchers have extensively used assembly techniques to gain a finer control over the 43 microenvironment inside these hydrogel matrices 10 . In situ gelation is the easiest path to 44 follow since many different polymeric interactions can lead to the hydrogel formation such as 45 chemical crosslinking 11, 12 , electrostatic interactions 13, 14 or complementary binding 15, 16 . In the 46 biomedical field, hydrogel formation is triggered by an external stimulus (temperature, pH…) 47 upon injection of the reactive components. This approach can be limited by physiological 48 conditions, toxicity of the injected components or by the poor control over the hydrogel 49 structure.
50
An emerging approach to obtain in situ hydrogel matrices with controlled architecture is using 51 the directed assembly of prefabricated hydrogel blocks 17, 18 . This bottom-up approach could to produce large scale tissues-sized, aggregates seems more difficult to adapt 20, 21, 22 .
64
Stabilization of blocks in water-in-oil droplets followed by secondary photo crosslinking has 65 allowed a fine control over the size of the blocks aggregates but not over their final internal blocks were colored in blue using a food coloring dye before polymerization.
134
The second procedure used to produce negatively charged blocks was to treat positively stirring and then rinsed in water for 1 hour to eliminate non adsorbed microgels.
138

Microgels synthesis
139
NIPAM-MAA microgels used in this study were synthesized by precipitation polymerization. Device, 100 kDa MWCO) against milliQ water (~60mL of particle suspension for 20L of 147 water, overnight). Four batches of microgels were synthesized containing 0 to 20 % of MAA.
148
The concentration of microgels, ‫ܥ‬ ெீ , in the final suspension was determined by lyophilizing a the spatula in between the cubes was sufficient to separate them.
169
The effects of ‫ܥ‬ ௌ௧ and pH on the aggregation process were also studied. Salinity of the 170 media was controlled using NaCl. Blocks were left 10 min or 24h to equilibrate in a NaCl 171 solution (25 blocks/10mL) before testing their assembly in freshly prepared saline medium.
172
Assembly tests under acidic or basic conditions were achieved using a similar protocol with
173
HCl and NaOH solutions (pH =3 and 10.5, 24h equilibrium). Imaging of the blocks and 174 aggregates was performed on a Zeiss Stereo Discovery V8 stereomicroscope under high 175 illumination. During observation, the samples were immersed in water in a small crystallizer. 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59 60
Results
179
For both types of systems, i.e. oppositely charged blocks (PEI/HA) or blocks pretreated with 180 microgels (PEI/MG), we were able to observe the directed assembly of the hydrogel blocks, 181 meaning that we obtained aggregates able to resist gentle spatula manipulation (see Figure 1 ).
182
Even if we observed the blocks assembly for both systems, macroscopic observations of the 183 aggregates seemed to demonstrate that two types of adhesion mechanisms were involved.
184
PEI/HA aggregates were indeed larger in size and deformable under gentle manipulation or 185 agitation compared to the more compact PEI/MG aggregates (see Figure 1D and H for 186 examples of large and compact aggregates). These differences in aggregate structure were Figure 2 ).
201
We observed that an increase of the block population size led to larger aggregates at the first 
207
In the next series of experiments, we compared the aggregation processes of our two systems.
208
For the PEI/MG system, PEI blocks pretreated with MG were mixed with equal number of 209 untreated PEI blocks. We tested 4 types of MG containing increasing amount of MAA (See 210   Table 1 ) and studied the directed assembly of the hydrogel blocks after pretreatment with 211 these microgels ‫ܥ(‬ ெீ = 4mg/mL, 25 blocks / 10mL, 24 hours). We used a block population Figure 3 ).
214
We observe that, while pretreatment with microgels containing MAA 0% did not lead to any In Figure 3 , the pretreatments of the PEI blocks with the MG were conducted at ‫ܥ‬ ெீ = 226 4mg/mL which we supposed was above the concentration necessary to reach saturation of the 227 block surfaces. To confirm this hypothesis, we tested different pretreatments concentrations,
228
for all the MG (MAA 5%, 10% and 20%) ranging from ‫ܥ‬ ெீ = 0.008mg/mL to 8mg/mL. In Figure 3: Effect of MAA content in microgels on the directed assembly of PEI-containing hydrogel blocks. In contrast to the data shown in Figure 2 , the average aggregation number of this system only slightly decreases with the number of assembly/disassembly iteration. Error bars represent the standard deviation of 5 separate experiments. Curves are guides for the eye.
238
One possible explanation of such behavior is that the microgel size increases significantly 239 with the MAA content (Table 1) without any significant changes in zeta potential. Therefore,
240
most of the MAA is expected to be located inside the microgel particle and not at its surface.
241
Consequently, the charge surface density is expected to decrease with the MAA% in the 242 microgel which could explain why C MAA * was found to increase with MAA%.
243
In Figure 4B -D, we show the evolution of the average aggregation number as a function of the 244 assembly/disassembly iteration number for each microgel concentration used. In these panels, To understand the role played by the electrostatic forces in the assembly of the hydrogel 260 blocks, we performed a series of aggregation tests at increasing salt concentrations ‫ܥ(‬ ௌ௧ = 0-261 150mM NaCl, see Figure 5A ). Above a critical salt concentration,‫ܥ‬ ௌ௧ * , the aggregation of the ‫ܥ‬ ெீ = 0.08mg/mL ( ‫ܥ‬ ௌ௧ * = 2.5mM).
271
Figure 5: Effect of salt concentration on the directed assembly of A) PEI/HA and PEI/MG systems B) PEI/MG system in presence of microgels NIPAM-MAA20% at different concentrations. Lines are guides for the eye.
272
Since the two systems under study are composed of pH-sensitive materials (PEI and HA), the 273 effect of pH on the directed assembly of the hydrogel blocks was also studied. We compared 274 our previous results obtained in pure water (pH = 6) with tests performed in acidic (pH = 3)
275
and basic (pH = 10.5) conditions (see Figure 6 ). Results show a complete loss of assembly at 276 a pH above or below pH = 6 after 24h of equilibrium. 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60 promoted by steric entanglements and electrostatic interactions between polyelectrolytes 294 chains present at the hydrogel blocks surfaces (See Figure 7A ).
295
We observed that the effect of ‫ܥ‬ ௌ௧ on the blocks aggregation is not gradual, meaning that the 296 aggregates size did not continuously decrease with salt concentration. Instead, an abrupt 297 transition from an aggregated to a disaggregated state was observed around ‫ܥ‬ ௌ௧ * .
298 Surprisingly, ‫ܥ‬ ௌ௧ * was found to be much higher for the HA/PEI system compared to the 299 PEI/MG system suggesting that other than purely electrostatic forces might be at work in this 300 system. In fact, the large variability in the assembly process of HA-PEI blocks and the high are only partially negatively charged at pH = 3 (24% ionization, pH ≈ pKa), at pH = 6 and 10
306
HA is fully neutralized (pH >pKa). On the other hand, branched PEI possess primary, 307 secondary and tertiary amines and therefore three respective pKa (4.5, 6.7 and 11.6 37 ). be inhibited if ionization is too small (the minimum being located between 30 and 60%).
322
As for the PEI/MG systems, MGs were found to act as efficient adhesion promoters between interpenetration between polyelectrolytes chains and MGs is expected to be disfavored.
328
Therefore, microgel adsorption and blocks adhesion are both driven by MAA groups at the 329 surface of the microgel. This explanation is also confirmed by the fact that no directed 330 assembly with MGs of pure NIPAM (which were found to be slightly charged) was observed.
331
One major difference between the PEI/MG and the PEI/HA systems is the surprisingly good 
338
The effect of the ionic strength seems to be modulated by the composition of the microgels.
339
The critical concentration at which assembly was inhibited, ‫ܥ‬ ௌ௧ * , was found to increase 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60 between MAA at microgel surfaces and PEI chains (See Figure 5A) MGs.
352
The influence of pH on the directed assembly of PEI/MG is quite similar to PEI/HA system.
353
Linear MAA chains with a degree of polymerization superior to 20, present a pKa of 6.5
39
.
354
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